Background: A systematic review of the analgesic efficacy of selective cyclooxygenase-2 (COX-2) inhibitors in paediatric adenotonsillectomy based on subjective pain scores, adjunct analgesic requirements and time to recovery was performed. Additional analysis was performed of side effects to treatment and patient satisfaction.
Introduction
Adenotonsillectomy remains one of the most common paediatric surgeries in Australia, with more than 38,000 cases performed annually (1) . The rate of paediatric adenotonsillectomy will likely continue to grow as the indications for surgical management shift from recurrent tonsillitis towards the common treatment of sleep-disordered breathing and obstructive sleep apnoea (OSA) (2) . D e s p i t e i m p r o v e m e n t s o v e r t i m e i n s u r g i c a l technique and hospital admission and complication rates, postoperative analgesia still remains a challenging aspect in the management of these patients. Due to narrow paediatric tolerance levels there are many barriers to effective postoperative analgesia. Current therapies such as opioids or traditional non-steroidal anti-inflammatory (NSAIDS) may be limited by undesirable side effects such as sedation, respiratory depression, nausea and vomiting or interference with coagulation (3) (4) (5) . Complicating matters further, regular and strong pain relief is usually required for over one week coinciding with maximum fibrin clot accumulation and subsequent breakdown at this time (6) . Pain can be severe and inevitably effects a young patient's oral intake, overall health status and ability to assume normal activities of daily life (7, 8) .
For these reasons, there has been interest in the use of newer selective cyclooxygenase-2 (COX-2) inhibitors for post-operative analgesia in paediatric adenotonsillectomy.
Systematic Review
The analgesic efficacy of cyclooxygenase-2 selective inhibitors in paediatric adenotonsillectomy: a systematic review Drugs of this class reduce the production of inflammatory prostaglandins via their selective blockade of COX-2, whilst sparing prostaglandins that maintain platelet aggregation and gastric mucosal integrity via their low affinity for COX-1 (9) . One significant concern regarding the selective COX-2 inhibitors is the risk of atherothrombosis that has been demonstrated in the adult population. They have faced scrutiny by therapeutic regulatory boards in certain countries resulting in some agents being pulled from existing markets (10) . Even though the risk of atherothrombosis in children is presumably low, it is unlikely a study would ever be conducted to prove this. In Australia the Therapeutic Goods Association (TGA) has not approved the use of celecoxib in any paediatric populations (11) despite other international regulatory boards clearing it for use in specific paediatric cases (12) . Unsurprisingly, there remains little in terms of data on efficacy of COX-2 inhibitors in paediatric populations with practitioners instead opting for their "off-label" use. To complicate matters further, there are no standardised paediatric dosing regimens, including preferred route, dose strength and duration/frequency of treatment.
This systematic review aims to assess the relevant current literature regarding the efficacy of COX-2 inhibitors in the treatment of post-operative pain following paediatric adenotonsillectomy in an attempt to answer some of these questions.
Methods

Eligibility criteria
Inclusion and exclusion criteria were predefined. Inclusion criteria included English language, human studies with participants younger than 18 years of age that analysed the efficacy of selective COX-2 inhibitors in postoperative analgesia following adenotonsillectomy. Case reports or series, letters to the editor and abstracts were included if they held adequate data. Non-English, review articles and any in vitro or animal studies were excluded from this review.
Types of interventions
S e l e c t i v e C O X -2 i n h i b i t o r s / a n t a g o n i s t s m a y b e administered either orally or parentally. These include celecoxib (Celebrex, Pfizer), rofecoxib (Vioxx, Merck), valdecoxib (Bextra, Pfizer) and parecoxib (Xaptek, Pfizer). 
Types of outcome measures
Search strategy
A systematic search was performed by using the PubMed, MEDLINE, and EMBASE databases. The PubMed database was searched from inception until December 1, 2017; EMBASE was searched from 1974 until December 1, 2017, and MEDLINE was searched from 1946 to December 1, 2017 by using Ovid SP. Bibliographies of studies selected for full-text analysis were reviewed for any additional missing studies. An electronic search strategy was designed to identify all studies concerned with the efficacy of COX-2 inhibitors/antagonists in postoperative pain relief following paediatric adenotonsillectomy (see Appendix 1: search strategy).
Data collection and analysis
Two unblinded reviewers reviewed the titles and abstracts, read full-text articles and evaluated them against the inclusion criteria. Studies that met the inclusion criteria had the relevant data extracted using a standardised data form. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for study selection is shown in Figure S1 .
The review authors conducted the data extraction and assessed the quality of the method used in each included trial. Considered factors were:
• Number of participants; 
Risk of bias
Risk of bias in randomised controlled trials (RCTs) was assessed at a study level using the Cochrane Risk of Bias Assessment Tool. For cohort studies, risk of bias was assessed in accordance with the Newcastle-Ottawa Scale (13).
Analysis
A statistician was consulted regarding the applicability of a meta-analysis to the current data. Given the heterogeneity of treatment interventions, outcome measurements and duration of follow up, qualitative review was deemed to be a more appropriate form of data analysis and a meta-analysis would be foregone.
Results
Search
A total of 122 references were identified by the search. First level screening removed 83 studies (e.g., removal of duplicates, non-English, clearly irrelevant scope) leaving 39 references for full text consideration. A further 31 publications were excluded because they did not meet the inclusion criteria. Eight articles were chosen for final review (14-21) (six RCTs, a randomised trial lacking control and a prospective comparative study) (see Table 1 ). Of these included papers, 5 analysed oral rofecoxib (17-21), 2 intravenous parecoxib (14,15) and 1 oral celecoxib (16) for postoperative analgesia in adenotonsillectomy.
Study objectives
Six papers analysed pain as a primary outcome (15) (16) (17) (18) 20, 21) . Rofecoxib was compared to placebo (19) (20) (21) , ibuprofen (21), acetaminophen (17) and a combination of acetaminophen/ hydromorphone (18) whilst celecoxib was analysed against a placebo (16) . Parecoxib was analysed at incremental strengths (14) and against a placebo (15) .
The two remaining papers primarily analysed the pharmacokinetic profile of intravenous parecoxib (14) and the rate of intraoperative bleeding with oral rofecoxib (19) . Pain scores were a common secondary outcome.
Other secondary objectives included surrogate measures of pain (adjunct pain relief requirements, time to discharge and full recovery), side effects (haemorrhage, nausea and vomiting and general) and levels of satisfaction with treatment (questionnaire or otherwise stated).
Interventions
Rofecoxib was administered orally either as a single preoperative dose or as a postoperative course ranging from three to five days. Dose strength was either 0.625 or 1 mg/kg daily. Follow-up ranged from 24 hours to 1-week post operation (17) (18) (19) (20) (21) .
Parecoxib was administered intravenously as a single preoperative dose at 0.25, 0.50 or 0.1 mg/kg. Follow-up was at 24 hours (14, 15) .
Celecoxib was administered at two strengths; 6 mg/kg as a single oral dose preoperatively, and 3 mg/kg for 5 oral doses postoperatively. This was on a twice daily dosing schedule. Follow-up occurred at days 1 and 2, at 1 and 2 weeks and at 5 months post adenotonsillectomy (16) .
Adjunct pain relief varied widely in the preoperative, intraoperative and postoperative setting (see Table 1 ).
Outcomes
Efficacy of pain relief
Pain relief was analysed via several scoring systems and surrogate measures including use of adjunct pain relief, time to discharge and time to full recovery (see Table 2 ).
Five different scoring systems were used when analysing the efficacy of rofecoxib (17) (18) (19) (20) (21) ; three papers showed significantly lower pain scores with rofecoxib compared to placebo, acetaminophen and acetaminophen/ hydromorphone respectively for the designated study period (17, 18, 20) (see Table 1 ). The remaining two papers did not show any significant difference in pain scores compared to placebo and ibuprofen (19, 21) . No papers showed any significant difference in the use of adjunct pain relief with rofecoxib compared to its control (17) (18) (19) (20) (21) .
Parecoxib was shown to significantly decrease pain scores and cumulative acetaminophen and morphine dosaging post-adenotonsillectomy compared to placebo (15) . Stronger dosaging did not correlate with either of these findings in a separate paper (14) .
Celecoxib reduced early postoperative pain scores and analgesic consumption. This was not significant for the duration of the study period (16) .
Only two papers analysed time to full recovery, finding either no difference with celecoxib compared to placebo (16) or improved with rofecoxib compared to acetaminophen (17) .
Adverse effects
Seven papers analysed rates of haemorrhage (14) (15) (16) (17) (19) (20) (21) (see Table 3 ). Six studies showed no difference in haemorrhage (14, 16, 17, (19) (20) (21) whilst Li et al. recorded no cases of post-operative bleeding (15) .
Six studies analysed post-operative nausea and vomiting with the majority showing no difference compared to their respective controls (14) (15) (16) (19) (20) (21) ) (see Table 3 ). Li et al. showed a significant reduction in immediate in hospital post-operative nausea and vomiting and sedation levels with parecoxib compared to control (15). Joshi et al. found rofecoxib had reduced outpatient nausea and vomiting rates compared to placebo (20) .
Levels of satisfaction
Levels of satisfaction were recorded in two papers (16, 19 
Risk of bias
Comprehensive reporting of study methodologies was inconsistent amongst the included studies (see Table 4 ). All papers provided adequate evidence of sequence generation. Only two studies stated adequate measures to conceal allocation (14, 15) . All but one study (19) blinded patients effectively and were free of selective reporting. Two studies did not adequately account for incomplete data dropouts (18, 19) . All studies, due to the nature of pain scoring, suffer from bias inherent in subjective measurements through scoring systems and second-degree reporting (parents). One non-RCT (comparative cohort) was of good quality in terms of selection and comparability (17) (see Table 5 ). However, there was no evidence of adequate blinding of assessors.
Two RCT's (20, 21) and the one included cohort study (17) did not declare conflict of interests or funding sources. All the remaining RCT's addressed conflict of interest, funding source and/or sponsorship (14) (15) (16) 18, 19) .
Discussion
Despite the available data suggesting that COX-2 specific inhibitors may be safe and effective post analgesic agents, the paucity and heterogeneity of the data limit any true findings.
T h e e f f i c a c y o f r o f e c o x i b i n p o s t o p e r a t i v e
adenotonsillectomy analgesia remains somewhat contradictory. The majority of studies analysing rofecoxib showed a significant reduction in pain scores including both papers in an outpatient setting (17, 18, 20) . Rofecoxib has a delayed peak action (2-3 hours) and half-life (17 hours), meaning that the greatest benefit may not be experienced until after discharge (22) . This may explain the equivocal findings of earlier single dose studies that only analysed in patient analgesia (19, 21) .
Despite rofecoxib being the most well studied of the COX-2 inhibitors, there still remains little to no data on dosing. The landmark paper from Pickering et al. based the rofecoxib dose off a ratio equivalent to that used for paediatric ibuprofen (21) . However, children have faster clearance and volume distribution of rofecoxib and celecoxib compared to adults, meaning that this proposed dosing in earlier studies may be too small and underestimate the true analgesic response (15, 23) . Daily dosing for approximately 1-week post operatively appeared to be a safe and effective method of analgesia according to several more recent papers (17, 18) .
Interestingly no studies showed an opioid sparing effect with rofecoxib (17) (18) (19) (20) (21) . A reason cited by several authors was parental concern in over medicating (24) . This meant parents were prone to under or over utilise opioids depending on the regularity in which they were receiving their primary medication, with parents less likely to use opioids when on regular acetaminophen. However poor study design and short follow up periods deem these findings far from conclusive (17, (20) (21) . Even with all this in mind, rofecoxib still remains off market after being pulled by its manufacturer Merck in 2004 due to its increased risk of atherothrombotic disease in adults.
The two studies that analysed the efficacy of intravenous parecoxib in immediate (24 hours) postoperative analgesia had conflicting results. Li et al. showed a significant reduction in pain scores, cumulative analgesia (acetaminophen and morphine) and significantly less side effects (sedation, nausea and vomiting) with single dose parecoxib compared to placebo (15) . The authors stated that parecoxib had an opioid sparing effect with minimal side effects that made it an attractive option in perioperative analgesia. More recently, Tan et al. investigated the pharmacokinetic profile of incremental doses of intravenous parecoxib and were unable to demonstrate a significant change in pain scores or use of adjunct pain medications relating to strength (14) . This highlights the short comings in studying immediate post-operative pain relief, with several agents often used intraoperatively by anaesthetist and surgeon that may confound and obviate the need for initial post-operative analgesia. A noteworthy finding was that unlike oral agents celecoxib and rofecoxib, parecoxib had a similar pharmacokinetic profile in children as it did adults (14) .
Murto et al. remains the only paper to analyse celecoxib's use in post-adenotonsillectomy paediatric analgesia, with the primary outcome evaluating pain over the first 24 hours (16). They showed a significant reduction in worst pain scores and use of adjunct medication immediately post operatively. However, there was no difference in pain relief, time to full recovery, use of adjunct medications or levels of satisfaction compared to placebo over the first week of follow-up. The half-life of celecoxib in children is reduced (5 hours compared to eleven hours in adults) and clearance is doubled, meaning the twice daily dosing in adults was less effective in this paediatric cohort (25, 26) . The authors concluded celecoxib acted well to blunt the initial pain response, but had minimal other post-operative analgesic effect despite being well tolerated. They stated patients may benefit from "more frequent dosing" (16) . Celecoxib has been deemed safe for use in certain paediatric populations (11), but is not cleared for postoperative paediatric analgesia by the TGA (12) . Off label it is used by several institutions including the Royal Children's Hospital in Melbourne, Australia. Despite the controversy surrounding certain COX-2 specific agents, it has been proven that any chronic use of NSAID poses a higher risk of atherothrombosis in adults. Yet this risk seems to be exceptionally small in a paediatric population with no cardiac risk factors, especially considering the small time frames of treatment. It is therefore no surprise that none of the included studies were able to demonstrate significant adverse effects with the use of any of the COX-2 inhibitors. This ranged from serious side effects of atherothrombosis and haemorrhage, through to post-operative nausea and vomiting (which was improved in several studies with COX-2 inhibitors (15,20) (see Table 3 ).
This review highlights the paucity, heterogeneity and poor study design inherent in many of the included studies. Firstly, postoperative analgesic regimes and follow-up varied widely between studies (see Table 1 ) making holistic comparison difficult. In addition, perioperative analgesic techniques (e.g., tonsillar blocks and intravenous analgesia administered by anaesthetists) was inconsistently reported. Electrocautery was the predominant method of tonsillar dissection (15, 16, 18, 20) , yet all these studies failed to detail the specific type (monopolar versus bipolar) and strength of cautery used. This may have implications for pain and other post-operative complications such as haemorrhage (27) . The included studies neglected to analyse cohorts based on other confounding variables including the age of the patients (adolescent versus early childhood) and the indication for surgery (recurrent tonsillitis versus OSA). These considerations should be factored into future research in this realm.
To our knowledge, there is one paper that investigates the efficacy of the only orally available COX-2 inhibitor currently cleared for paediatric use in Australia (celecoxib) (16), clearly indicating a need for more analysis. Several studies were at significant risk of bias, suffering from poor study design and were underpowered (see Tables 4, 5) . Rofecoxib has the most data, yet it is difficult to compare studies due to unique pain scoring systems (all with inherent subjective flaws), different dosing, alternative adjunct analgesia and follow up periods (see Table 1 ). Furthermore, rofecoxib has been pulled from the market following scrutiny over potential serious side effects. Parecoxib is only analysed in the perioperative setting limiting its clinical significance when considering pain is often worst several days post adenotonsillectomy.
Conclusions
Current data remains scarce and poor surrounding the efficacy of COX-2 inhibitors in post-operative paediatric adenotonsillectomy analgesia. Several agents have been analysed, yet heterogeneous and weak study design precludes any definitive conclusions from being made. Compounding this, certain agents are not available in several countries, including Australia due to proposed serious side effects seen in adults. Yet adenotonsillectomy remains a common paediatric surgery, and postoperative pain poses a significant challenge in achieving optimal management. With this in mind, larger longitudinal or randomised and prospective trials looking at outpatient pain relief with COX-2 inhibitors will provide clinical relevance and may improve this complex problem.
